Objectives/aims: With the Euro-Qol-5 dimension (EQ-5D) system, we investigated the relationship between the number of remaining teeth and QoL using data from the Korean National Health and Nutrition Examination Survey (KNHANES), 2010-2012. A total of 17,417 participants, more than 19 years old, were finally included in this study (men = 7394 and women = 10,023). Through this study, we have discovered that the remaining teeth affect overall health and that the fewer number of them may indicate a lower quality of life, as well. The quality of life according to the number of remaining teeth was assessed among Koreans using the Euro-Qol-5 dimension (EQ-5D) system. Method: The Euro-Qol-5 dimension (EQ-5D) system was used to measure the health-related QoL. Its five dimensions included mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The respondents were asked to choose one of the followings: G 1, no problems; G 2, some problems; and G 3, problematic, to best describe their health status for the five dimensions. Then, we assigned low QoL to G2 + G3 and high QoL to G1. We used age, gender, economic income, educational level, residence, and marital status for the demographic variables and, drinking, smoking, exercise, BMI, and metabolic syndrome for health behaviors. Multiple logistic regression analysis was performed to examine the odds ratios (ORs) and confidence intervals (CIs) for the high QoL (G1) on the five categories of EQ-5D according to the number of remaining teeth. On the basis of the 0-15 remaining teeth group, we drew a comparison of the QoL between the 16-20 and 21-28 remaining teeth groups. Results: Subjects with 21-28 remaining teeth had higher QoL scores and had higher ORs of high QoL, especially for mobility (OR = 1.256, 95% CI = 1.056-1.495), self-care (OR = 1.441, 95% CI = 1.096-1.894), and usual activities (OR = 1.241, 95% CI = 1.022-1.508, respectively), than those with 0-15 remaining teeth after adjusting for age, sex, body mass index, smoking, drinking, exercise, income, education, and metabolic syndrome. ORs from the high QoL had the tendency to increase as the number of remaining teeth increased (all p for trend < 0.05). However, there was no relationship between the number of remaining teeth and QoL in the pain/discomfort and anxiety/depression dimensions.
Background
QoL (Quality of life) scales provide both an objective measure of individual well-being and a self-reported measure of satisfaction [1] . Health-related QoL includes elements that may directly influence an individual's physical, psychological, and social health, as well as their general well-being [2] . Wilson & Cleary defined it as subjective well-being associated with overall life satisfaction and happiness of individuals [3] . Various tools for measuring health-related QoL are also used to evaluate the general effects of healthcare policy on health status [4, 5] . Among these tools, the EuroQoL five-dimension questionnaire (EQ-5D) [6] has been widely used to measure health-related QoL in a simple and comprehensive manner [7] . The EQ-5D system consists of five sub-domains that measure mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Assessing the level of each domain helps evaluate the state of quality of life.
Many studies have evaluated the relationship between QoL and chronic diseases such as hypertension and diabetes. People with chronic diseases have lower QoL scores than those without them [8] [9] [10] [11] . Some studies investigated the relationship between QoL and oral health status such as dry mouth, and also revealed an association between poor oral health status and low QoL [12, 13] . Moreover, there is a greater possibility that dental caries and periodontal diseases will lead to tooth loss. Which means masticatory and aesthetic functions will experience some accelerating declines. All this will place a limitation on their sociopsychological as well as social functions. Some studies indicated that tooth loss increases the individual's sense of social alienation and isolation and as a result, exerts a negative influence on their QoL. [14] [15] [16] . Previous studies examined tooth loss and health-related QoL in the elderly and showed that there were inverse associations between them [17, 18, 19] . In addition, regarding the loss of teeth, those who experienced tooth loss and masticatory discomfort were reported to have lower health-related quality of life; the quality of life among the elderly seemed to be more affected than among those middle-aged [20, 21] .
However, Fontanive et al. found no relationship between the number of remaining teeth and elements of health-related QoL [22] . Thus, the relationship between tooth loss and QoL remains unclear. Moreover, since most of the previous studies have targeted the elderly subjects, there have been insufficient studies designed for the whole adult population.
The EQ-5D is one of the most commonly used and of the simplest questionnaire tools to measure the overall health status as well as the quality of life. However, the validity and reliability of other QOL tools have yet to be established, so we have adopted the Korean version of EQ-5D for it has been verified by the National Health and Nutrition Examination Survey. With the qualified tool, we have investigated the health-related QoL and the number of remaining teeth in the Korean adults using data from the KNHANES (Korean National Health and Nutrition Examination Survey) during the period of 2010-2012.
Methods

Data collection and study population
The KNHANES used rolling samples and a stratified, multistage probability sampling design based on age, sex, and region in order to accurately represent the non-institutionalized civilian population of Korea. To ensure consistent and reliable performance and to reduce bias in the interviews and surveys, the KNHANES used a technical investigation team comprising of a nurse, a nutritionist, and a health science major, whose investigative performance had been regularly verified and maintained through training and field quality control.
The sampling framework of the Korean National Health and Nutrition Examination Survey was based on the most recent population census data available at the time of sample design. Representative samples were extracted from those who were more than one-year-old living in Korea. However, the data on population and housing census were outdated at the time of the design (2010-2012), so the resident population and apartment complex survey data were used as an extraction frame. For the sampling method, the two-stage stratification method was used with district and household as the first and second extraction units.
The 5th KNHANES consisted of 25,534 respondents and the study included participants aged 19 years or older; 5935 participants were under 19 years old and 2182 non-respondents were excluded. Finally, a total of 17,417 (men = 7394 and women = 10,023) valid participants completed the basic questionnaires, anthropometric and biochemical measurements.
The results from the sample data of the 5th KNHANES (2010-2012) were representative of the Korean population. To obtain unbiased estimation results, we used a composite sample analysis module that took into account the weighting, stratification, and cluster variables. Weights were calculated using design weights reflecting the sampling rate, non-response adjustment, post-stratification, and extreme weighting. For the stratification variable, we used a variance estimation layer that integrated some sample design layers. For the colony variables, the first extraction unit was used.
The KNHANES received annual deliberation and approval from the institutional review board of the Korea Centers for Disease Control and Prevention (2010-02CON-21-C 2011-02CON-06-C 2012-01EXP-01-2C). All participants gave their written consent.
Sociodemographic variables and general health behavior
Trained interviewers recorded sociodemographic and lifestyle variables for the participants. Education level was categorized into two groups, high school graduates or higher (education ≥13 years). Household income was calculated by standardizing monthly income by the number of family members (monthly income/number of family members). a.
The average monthly household income was divided by 4 quartiles. And the income was classified as follows: 'Under 1 million won (US 928.1$)' , 'Over 1 million woñ 2 million won (US 18,57.01$)' , 'Over 2 million won~3 million won (US 2785.52$)' , and 'over 3 million won'. For your information, Korea's minimum wage has now been 7530 won per hour (US 6.72/1 h).
The residence type was divided into two, rural or urban areas. Alcohol consumption was categorized into two groups in accordance with their answers on the self-report questionnaire: monthly alcohol use or not within the last year [23] . For smoking, the subjects were categorized into two groups in accordance with their answers on the self-administered questionnaire: current smoker or not. Exercise status was based on responses to a modified form of the International Physical Activity Questionnaire for Koreans, with individuals regarded as regular physical exercisers if they performed moderate exercises more than five times a week, over 30 min per session, or performed vigorous exercises more than three times a week, over 20 min per session [24] .
Anthropometric measurements
We measured waist circumference to the nearest 0.1 cm on a horizontal plane at the midpoint between the costal margin and the iliac crest at the end of normal expiration. Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively, with the subject wearing lightweight clothing. The body mass index (BMI) was calculated by dividing weight in kilograms by height in square meters (kg/m 2 ). We measured systolic and diastolic blood pressure (BP) three times using a standard mercury sphygmomanometer (Baumanometer; W. A. Baum Co., Inc., Copiague, NY, USA). Blood pressure was measured twice at five-minute intervals and its measurements were averaged for analysis. Blood pressure was measured three times, in total, and the secondary and tertiary mean blood pressures were used as final systolic and diastolic blood pressure.
Biochemical measurements
After a minimum of 8 hours of fasting, blood samples were obtained. The serum enzyme levels of TC, TG, LDL-C, and HDL-C in the blood samples were measured using a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan) after the samples were delivered to the Central Testing Institute in Seoul, Korea. The LDL-C level was calculated using the Friedewald's formula in subjects with a TG level ≤ 400 mg/dL and was measured using commercially available kits (Cholestest® LDL; Sekisui Medical, Tokyo, Japan) in subjects with a TG level > 400 mg/dL. The fasting blood glucose level was measured after they fasted for 8 hours or more. In addition to fasting blood glucose, the hemoglobin A1c test was also performed. Fasting blood glucose was measured with Tosoh G8 (Tosoh/Japan) using the high-performance liquid chromatography method and with HLC-723G8 HbA1C kit.
The number of remaining teeth
In the 5th KNHANES, the applicants visited the mobile examination center; dentists collected the information on the applicants' teeth condition and on the distribution of their teeth while examining their oral cavities.
Since July 2007, the Center for Disease Control and Prevention (KCDC) established the 'Specialized Survey Team' in order to carry out a stable investigation with the introduction of the survey system throughout the year. The Specialized Survey Team consisted of specialists/researchers; nurses, nutritionists, dentists, and health science students.
Meanwhile, in counting the total number of remaining teeth, the third molars were excluded. The participants were then classified into one of the three groups based on the number of remaining teeth: ≤15, 16-20, or 21-28 [25, 26] . For your reference, the average number of teeth of an individual is 28 except for some wisdom teeth. Of them, molar teeth play a key role in chewing and consuming food. Under the situation, if you have 8 M pulled out, 4 from maxilla (upper jaw) and 4 from mandible (lower jaw), you will finally have 20 teeth of 28 in total. This means, given that food consumption fills a large part of your life, you may miss out on a big opportunity to lead a happier life in a way. Thus, this is partly why most previous studies have classified teeth groups according to the number of molars.
And, as mentioned earlier, on the basis of the 0-15 remaining teeth group, we drew a comparison of the QoL between the 16-20 and 21-28 remaining teeth groups.
As part of quality control, training was provided by the examiners. This is to minimize measurement errors in the number of remaining teeth.
Measuring QoL
To examine health-related QoL, this study utilized the EQ-5D system, which was developed by the EuroQoL group for clinical and economic evaluation [6, 27, 28] . The EQ-5D is divided into five dimensions. They include mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The respondents were asked to choose one of the followings: G 1, no problems; G 2, some problems; and G 3, problematic, to best describe their health status for the five dimensions. Then, we assigned low QoL to G2 + G3 and high QoL to G1. This study calculated the total score and five categories in different method. According to the weight of Center for Disease Control and Prevention in Korea, the five items of EQ-5D index are converted to 15 points (highest score) making the total score 1. In table3, instead of adding up the Euro-Qol 5 score, we used each score of 5 categories of Euro-Qol 5.
Metabolic syndrome
The presence of metabolic syndrome is determined by the guidelines of the American Heart Association/National Heart, Lung, and Blood Institute Scientific Statement Criteria for Asians [29] . To be diagnosed as having metabolic syndrome, three or more of the following criteria must be fulfilled: (1) waist circumference ≥ 90 cm in men and ≥ 80 cm in women; (2) fasting triglycerides ≥150 mg/dL or the use of lipid-lowering medication; (3) high-density lipoprotein cholesterol < 40 mg/dL in men and < 50 mg/dL in women or the use of medication; (4) blood pressure ≥ 130/85 mmHg or the use of antihypertensive agents; and (5) fasting blood glucose ≥100 mg/dL or the current use of antidiabetic drugs.
Statistical analysis
Complex sample analysis was conducted using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). SAS survey procedures were used to reflect the complex sampling design, and the sampling weights for the KNHANES were applied to provide nationally representative prevalence estimates. For the general characteristics of the sample population, statistical differences in means ± standard errors (SEs) for continuous variables and percentages (SEs) for categorical variables were identified using one-way ANOVAs and chi-square tests, respectively. ANOVA was performed to identify differences in the number of teeth in relation to the three levels of self-reported health status (G1, G2, and G3) in the EQ-5D index. Chi-square tests were used to determine whether the number of teeth affected the percentage of respondents who reported low QoL (G2 + G3). T-tests and Chi-square tests were conducted to assess the relationship between the number of teeth and the presence of metabolic syndrome and having a low QoL. Multiple logistic regression analysis was performed to examine the odds ratios (ORs) and confidence intervals (CIs) for the high QoL (G1) on the five categories of EQ-5D according to the number of remaining teeth. The adjusted covariates were age, sex, BMI, smoking, drinking, exercise, income, education, and metabolic syndrome. And we performed linear trend test. P values less than 0.05 were considered statistically significant and all statistics were conducted using two-tailed tests. Table 1 shows the general characteristics of the three groups according to the number of remaining teeth. The 5th KNHANES included a total of 25,534 respondents. To be more specific, the study included participants aged 19 or older; 5935 participants were under 19 years old and 2182 non-respondents were excluded.
Results
Subjects with 0-15 remaining teeth were the oldest (69.6 years) and had the lowest BMI (23.5 kg/m 2 ). Also, they had the lowest proportion of men, alcohol intake, regular exercise, education ≥13 years, urban living, and having a spouse (all p < 0.001), but the proportion of the lowest income (Q1) was the highest. Subjects with 21-28 remaining teeth were the youngest (42.07 years) and had the highest proportion of men, current smoking, alcohol intake, regular exercise, education ≥13 years, urban living, and having a spouse (all p < 0.005), but they had the lowest WC and proportion of income (Q1) and metabolic syndrome (all p < 0.001). The EQ-5D score was the lowest in the subjects with 0-15 remaining teeth (0.850 ± 0.005), followed by the subjects with 16-20 remaining teeth (0.897 ± 0.006), and the highest in the subjects with 21-28 remaining teeth (0.960 ± 0.001) (p < 0.001). Table 2 shows the mean number of remaining teeth according to the five dimensions of EQ-5D divided into three levels (G1 to G3). In all five dimensions, G1 had the highest number of remaining teeth and G3, the lowest number of them (all p < 0.001).
The groups divided by the number of remaining teeth were classified into those with high QoL (G1) and with low QoL (G2 + G3), and the odds ratios of the groups were compared in accordance with the five dimensions of the EQ-5D. This study calculated the total score and five categories in different method. According to the weight of Center for Disease Control and Prevention in Korea, the five items of EQ-5D index are converted to 15 points (highest score) making the total score 1. In logistic regression, it used each score of five areas of EURO-Qol instead of using EURO-Qol five total score. Table 3 describes the details. There was a significant tendency to increase in the mean EQ-5D score as the number of remaining teeth increased (p for trend < 0.001). The OR for high QoL was more than 1 at mobility, self-care, and usual activities in the subjects with 21-28 remaining teeth (OR; 95% CI = 1.256;1.056-1.495, 1.441;1.096-1.894, and 1.241;1.022-1.508, respectively). These values tended to increase as the number of remaining teeth increased (all p for trend < 0.05).
Regarding the dimension of mobility(LQ-1EQL), it has been discovered that groups with more teeth had the linear trend of the increasing odds ratios for mobility QoL(p for Trend = 0.011). Also, compared to the group with 0~15 remaining teeth, the group with 21~28 experienced 1.256 times higher odds ratios for mobility QoL(LQ-1EQL) (95% CI: 1.056-1.495).
In a similar vein, for the dimension of self-care (LQ-2EQL), it has been found that groups with more teeth had the linear trend of the increasing odds ratios for self-care QoL (p for Trend = 0.009). Also, compared to the group with 0~15 remaining teeth, the group with 21~18 experienced 1.441 times higher odds ratios for self-care QoL (LQ-2EQL) (95% CI: 1.096-1.894).
With regard to the dimension of usual activities (LQ-3EQL), groups with more teeth had the linear trend of the increasing odds ratios for usual activities QoL (p for Trend = 0.029). Likewise, compared to the group with 0~15 remaining teeth, the group with remaining 21~18 experienced 1.241 times higher odds ratios for usual activities QoL (95% CI: 1.022-1.508).
However, there was no correlation between the number of remaining teeth and two categories of EQ-5D (pain/discomfort and anxiety/depression).
Discussion
This study has indicated an association between the number of remaining teeth and health-related QoL assessed through the EQ-5D index. Subjects with 21-28 remaining teeth had higher QoL scores and had higher ORs of high QoL, especially for mobility, self-care, and usual activities than subjects with 0-15 remaining teeth after adjusting for all covariates [12, 18, 30, 31] . Thus far, many studies have investigated the relations of tooth loss and HRQoL based on self-reported tooth loss and the presence of metabolic syndrome. Against the background, in this study, the subjects had a checkup for their teeth by dentists. That is, this study analyzed the number and status of remaining teeth using data that was not based on self-reports but was obtained through examination by trained dentists. Therefore, it is expected to have as accurate results as it can.
Currently, the Short Form-36 Health Survey [32] , Quality of Well-Being Scale [33] , Health Utility Index [34, 35] , World Health Organization QoL-BREF [36] , and EQ-5D are being used in the assessment of QoL. The EQ-5D has been one of the simplest and of the most widely accepted tools to measure the overall health status as well as the quality of life, especially after translated into various languages and adapted to different culture and different countries, and after a unique weighted value was developed [37] . Moreover, it is considered to be one of the best tools for predicting quality-adjusted life years, used in health surveys of population groups, and for the clinical and economical evaluation of healthcare services [38, 39] .
Brennan et al. reported that oral health affects general QoL [40] [41] [42] and this association has also been found in several studies [30, 43, 44] although they have focused only on the elderly population. Individuals with poor oral health are more likely to have trouble eating food and receiving adequate nutrition. Furthermore, oral pain, chewing difficulties, speech problems, and limited mobility of the jaws affect not only activities of daily living (ADL), but also interpersonal relationships [45, 26, 46] . According to Locker et al., oral disabilities affect daily life and further, may result in serious dysfunctions in many areas as individuals get older [47] . Tooth loss is one of the most severe damage to oral health status. Further, it can exert a highly adverse effect on aesthetic and functional areas of oral health. And, various factors play a crucial role in the loss of teeth; Of them, biological and socioeconomic factors fill a large and significant part of tooth loss-related oral health [46] . Generally, individuals' state of health is strongly affected by their socioeconomic status. And as with all diseases, socioeconomically disadvantaged groups will be more at risk than others and will be placed under unfavorable conditions in health care, as well. The same goes for oral health. As constantly mentioned in this article, differences in the number of teeth can lead to different HRQoL; The more teeth they have, the higher their QoL will be and the higher income they have, the more teeth they have [12, 13, 17, 18] . In other words, individuals on higher incomes will invest more time and money in their proper and enough dental care. And as they have more teeth, they can enjoy a more variety of food. Given that food intake fills a large part of their life, those with more teeth would live life at a higher level. This will be mentioned later once again. Han and Yom [31] and Miura et al. [48] found a correlation between oral health and ADL in the elderly population living in rural areas and Catović et al. [49] discovered that old people who had trouble engaging in ADL were more likely to have poorer oral health. These results propose that oral health is associated with activities bidirectionally. However, a study by Naito et al. [50] found that oral health did not affect ADL of senior citizens in nursing facilities and Fontanive et al. [22] did not find any associations between the number of remaining teeth and components of QoL. Under the circumstances, more studies are needed to build up a stronger relationship between oral health and QoL, especially in elderly populations.
The mechanism in the relationship between the number of remaining teeth and QoL can be explained by morbidity. In this study, subjects with metabolic syndrome had fewer teeth than those without it. Research conducted in Korea and Finland has pointed out that chronic diseases like diabetes are associated with tooth loss and other dental issues, leading to a lower QoL, [51, 52] based on the assumption from the studies that metabolic syndrome 25.7 , respectively) and they showed a higher proportion of the low QoL at all five dimensions of EQ-5D than subjects without metabolic syndrome (all p < .001).
Loesche [53] and Buhlin et al. [54] also found that arteriosclerosis reduces the blood and oxygen supply available to periodontal tissues, leading to periodontal disease and, in severe cases, to tooth loss. Moreover, limitations on consuming some types of food and reduction in the amount of food may cause tooth loss by undernourishment. Chewing Difficulty on food could also have a direct impact on QoL by eliminating the happiness derived from the consumption of a meal, especially for the elderly [55, 56] . Furthermore, tooth loss could also influence pronunciation and aesthetics, which in turn could promote a sense of social isolation as individuals choose to avoid normal social activities and interpersonal relationships [12, 57, 58] .
Inversely, some studies showed that replacing a patient's missing tooth with an artificial one improves their QoL. The use of a full set of dentures enhances the ability to chew and improves health-related QoL [59] [60] [61] . Therefore, given these, we postulated that there were bidirectional relationships between the number of remaining teeth and QoL.
This study, however, did not find a significant association between the number of remaining teeth and pain/ discomfort or anxiety/depression. In fact, most previous studies [31, 48] pointed out that the oral status and the quality of emotional life of the elderly were associated with pain, anxiety, and depression. The differences between aforementioned studies and the present study may be a result of the different inclusion criteria such as age, some specific diseases, and the sample size, so precisely designed studies are needed for this issue in the future.
Strictly speaking, this study has some limitations. First, this is a cross-sectional-designed study. Therefore, it is difficult to establish a causal relationship between the number of remaining teeth and QoL. Second, difficulty in chewing is closely linked to the lack of opposing pairs in the upper and lower jaws, so future research should also examine whether the subjects have opposing pairs of teeth. Third, for we only included Korean adults, the result of this study is hard to be generalized to other ethnicities. Fourth, the data are from the 5th edition of the survey, so they are a little old. That means we could not include the recent trend. Fifth, the Qol is greatly influenced not only by the number of remaining teeth but by the distribution of lost teeth. However, we could not put the information on the distribution of lost teeth in our study.
Despite these limitations, this study has some strengths. It is the first study to verify the association between the number of remaining teeth and health-related QoL of representative Korean adults after controlling for a number of potentially confounding variables. This study also analyzed the number of remaining teeth using data that was not based on self-assessment but was collected directly by dentists during a clinical dental examination of their patients.
Conclusion
The number of remaining teeth was associated with QoL, and subjects who had more teeth obtained higher QoL scores. High QoL was especially associated with the components of EQ-5D such as mobility, self-care, and daily living. The group of more remaining teeth showed a high quality of life especially in relation to activity. Thus, it was proven that the more the remaining teeth, the higher the quality of life because there were more movements.
Further studies are needed to prove the causal relationship between the number of remaining teeth and QoL, while also considering the number of opposing pairs and the presence of artificial teeth, such as implants. In addition, it is necessary to investigate the correlation between the loss of tooth position and quality of life. Last but not least, we suggest that we study the physiological mechanism of tooth loss in detail by examining the relationship between metabolic syndrome and remaining teeth. Table 4 The number of remaining teeth and the proportion of low quality of life a with or without metabolic syndrome 
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